This paper investigates the long-run economic relationship between healthcare expenditure and income in the world using data on 167 countries over the period 1995-2012, collected from the World Bank data set. The analysis is carried using panel data methods that allow one to account for unobserved heterogeneity, temporal persistence, and cross-section dependence in the form of either a common factor model or a spatial process. We estimate a global measure of income elasticity using all countries in the sample, and for sub-groups of countries, depending on their geo-political area and income. Our findings suggest that at the global level, health care is a necessity rather than a luxury. However, results vary greatly depending on the sub-sample analysed. Our findings seem to suggest that size of income elasticity depends on the position of different countries in the global income distribution, with poorer countries showing higher elasticity.
INTRODUCTION
Over the last decades, aggregate healthcare expenditure has increased substantially in the US and in other developed countries, with several studies documenting a rising share of income spent on health as country per-capita income increases (Kleiman, 1974; Newhouse, 1977; and Hall and Jones, 2007) . This has put pressure on policy makers and academics to understand the reasons for the rise in health expenditure and assess whether it generates significant improvements in health and life expectancy (Nordhaus, 2002; Murphy and Topel, 2006; Cutler et al., 2006) . Possible factors contributing to excess growth in healthcare expenditure, namely, the residual growth in health spending after having controlled for growth in an aging population and income, are the spread of insurance, supplier-induced demand and defensive medicine, factor productivity, and technology (Frogner 
where h it is per-capita health spending in the ith country at time t, x it is a vector of regressors including percapita GDP (y it /;˛i is a country-specific effect, d i t is a country-specific time trend, and u it is the error term, which is allowed to be both serially and cross sectionally correlated. To estimate the aforementioned equation, we adopt the mean group (MG) estimator by Pesaran and Smith (1995) , which corresponds to the mean of country-specific ordinary least squares coefficients. Under slope heterogeneity, such estimator has been shown to be robust to serial correlation, as well as weak cross-section dependence, such as spatial correlation, and weak common factors. . As an alternative, more general specification, we also consider the following heterogeneous panel with unobserved factor structure for the error term:
where f t is the m-dimensional vector of unobserved common effects, with m being the number of unobserved factors, i is the m-dimensional vector of coefficients associated with the m common factors and the ith unit, and e it is a country-specific error. In the aforementioned specification, common factors are serially correlated and potentially non-stationary, as well as correlated with the included regressors; the idiosyncratic error, e it , is allowed to be serially correlated over t and weakly correlated across i (Chudik et al., 2011) . Non-stationary unobserved common factors possibly correlated with the regressors allow for shifts towards a new equilibrium determined by the income variable. We estimate the aforementioned equation by common correlated effects mean group (CCE MG) estimator proposed by Pesaran (2006) , which corresponds to the MG estimator applied to model (1), augmented with cross-section averages of the dependent variable, N h t D 1 N P N i D1 h it , and the regressors, x t D 1 N P N i D1 x it . Both MG and CCE MG estimators rely on the assumption of heterogeneous slope coefficients. Hence, later in the paper, we will use the statistic for slope homogeneity to test this assumption.
When looking at the link between spending and income, one important issue is whether the stationarity assumption holds for both time series variables. Hence, in this paper we will also investigate whether the stationarity assumption holds for the time series variables involved in the analysis, ultimately determining whether there is a long-run equilibrium between healthcare expenditure and income. Table II shows results from the MG (column A) and CCE mean group (column B) estimators for world, geopolitical, and income classifications. Results are reported when income is the only variable included in the regression (model 1), as well as when public expenditure rate is added (model 2).
RESULTS
For the world, the MG estimation (model 1) shows an estimate of the coefficient on income that is roughly 0.84, while when adding the public-health expenditure rate, this estimate rises to 0.87. For the CCE mean group estimates (models 1 and 2) the GDP elasticity is smaller than one, 0.78, and 0.73 when including GDP only, or GDP and public expenditure, respectively, suggesting the necessity nature of health care. Looking at the results for the linear time trend (t), its estimated coefficient for MG estimation shows a growth in per-capita healthcare spending around 2.2-4.4%, depending on the country, with the lowest level for low income, African countries. However, this coefficient becomes insignificant when accounting for the factor structure in CCE estimation, which already captures time varying components. bias-adjusted Lagrange multiplier (LM adj ) statistic of cross-section dependence on the residuals from the CCE regression, before (column A) and after having controlled for common factors (column B). For both CD and LM adj tests the null hypothesis is absence of error cross-section dependence, namely, H 0 W E u it u jt D 0, for all t and i ¤ j in Equation (1), and H 0 W E e it e jt D 0, for all t and i ¤ j in Equation (2) . We observe a sizeable reduction of contemporaneous correlation when passing from MG to CCE MG estimation. In the latter, the Pesaran (2004) CD-test statistic indicate that there is no significant long-range cross-section dependence left in the residuals, once one controls for common factors. On the contrary, the LM adj points to the existence of some cross-section dependence left in the residuals, even after controlling for unobserved common effects. Such result may be explained by some weak correlation left in the data, perhaps linked to geographical concentration of unobserved risk factors. The table also reports the O hom test of slope homogeneity, having as null hypothesis H 0 Wˇi Dˇfor all i, against the alternative H 1 Wˇi ¤ˇ, for a non-zero fraction of the slope coefficients. This test points at significant heterogeneity in slope coefficients across countries, hence supporting the validity of mean group estimation with these data, as opposed to homogeneous pooling techniques.
Interesting findings emerge when looking at estimates of income elasticity in different groups. Focusing on geopolitical groups, the income elasticity is significantly less than 1 for countries from WEOG and AsiaPacific. For WEOG, the estimated income elasticity is not significantly different from zero after controlling for unobserved common factors. These results support the hypothesis that for these countries health care is a necessity, which confirms other findings for developed countries.
In contrast, African and Latin American (GRULAC) countries display a much larger income elasticity, equal to one when using the MG estimator. However, the estimated coefficient is smaller than unity when controlling for unobserved common effects. These results point at health care being a necessity for these countries, although with a larger coefficient than in wealthier countries. It is important to observe that these findings are in contrast with those from simple cross-section OLS regressions presented in Table I , where health care is found to be above 1 for wealthier countries and below 1 for poorer countries. However, the significant heterogeneity across countries as well as our heterogeneity tests cast doubt upon the appropriateness of assuming homogeneity across these countries. Because health expenditure represents a sizeable proportion of GDP, as a robustness check to the endogeneity problem, we have tried re-estimating all regressions with health expenditure removed from GDP. Results, both globally and by group of countries, are very similar to those displayed in Table II and hence are not reported.
Income elasticities greater than one have been found in previous works for African countries (Murthy and Okunade, 2009 ). For example, Jaunky and Khadaroo (2008) also find that public health expenditure is a luxury, while private health expenditure is a necessity good. According to the authors, in the African context, public health is failing to provide adequate basic health services to the poor majority but at the same time allows a minority of a few oligarchs to take advantage of high-tech health services. These results are in line with those in income classification groups. Indeed, wealthier countries, in the high-income and upper-high income groups, have smaller, though significant, income elasticities than poorer nations. These findings point at the position of countries in the global income distribution as a key factor explaining the level of income elasticity and support earlier empirical results by Zhang (2013) that an increasing level of wealth has a positive effect on the magnitude of the income elasticity of demand for health care.
It is important to remark that the MG estimator accounts for persistent differences across countries in the regression intercept and in income elasticity, for example, because of different size of countries and associated healthcare spending, and characteristics in their healthcare system. However, one limitation of this estimator is that it assigns the same weight to each country-specific OLS coefficient, irrespective of the size or amount of spending of the country. As a robustness check, we have modified this estimator to weigh each countryspecific coefficient for the share of health spending over total spending (averaged over time). Results confirm the necessity nature of the healthcare good at the world level and for higher income countries.
We now focus on estimation of error-correction models, again using the MG and CCE MG estimators, and provide a set of cointegration tests. spending to a deviation from the long-run equilibrium relation between expenditure and its determinants. For all estimators, the coefficient of the error correction term has the expected negative sign. However, the CCE MG estimator reveals a speed of adjustment of 1:3, much higher than that assessed by the MG ( 0:8).
The table also reports the panel cointegration tests by Westerlund (2007) for the world. These tests are able to accommodate serially correlated error terms, country-specific intercepts, trends, and slope parameters. In column B, the bootstrap approach has been applied to obtain p-values robust to cross-sectional dependence. The G and G˛statistics test the null hypothesis of no cointegration for all cross-sectional units against the alternative that there is cointegration for at least one cross-sectional unit,while the P and P˛test statistics pool information over all the cross-sectional units to test the null of no cointegration for all cross-sectional units against the alternative of cointegration for all cross-sectional units. Our tests carried at the global level provide evidence of cointegration for the panel as a whole. These results are confirmed when we use bootstrapped p-values to allow for cross-section dependence (column B).
These results are confirmed in the geopolitical and income classifications. Estimates also show a positive, significant coefficient attached to y it , indicating that health spending reacts to short-run variations in GDP. However, it is interesting to observe that the reaction of wealthier countries to short-run changes in income is much smaller than that of poorer countries, with a coefficient attached to y it rising from 0.1 for high-income to 1.05 for low-income countries. Such result may be explained by the fact that Western countries have highly regulated and complex healthcare systems, that reduce their capacity to promptly adjust their health spending to short-run variations in GDP. These healthcare systems are designed to satisfy the essential needs of the population, with the aim to gradually improve its health outcomes. On the contrary, healthcare systems in poorer countries struggle to provide basic health care to the poor majority, thus overall failing to meet the essential healthcare needs of the population. Cointegration tests for different geographical areas confirm findings at a global level. Because of space constraints, cointegration tests at the level of macro-area have not been included in this table but are reported in Tables 5A and 6A of the Supporting Information.
DISCUSSION AND CONCLUDING REMARKS
The main objective of this empirical exercise has been to study the association between healthcare spending and income, using a large data set on heath indicators for 167 countries observed for 18 years. Different from the existing literature that focuses mainly on OECD countries, we have offered a global perspective, providing new evidence on developing and low income areas of the world. The marked differences of healthcare systems and needs of the population across countries poses many challenges to modelling the demand of health care. To deal with these issues, we have adopted recently developed advanced econometric techniques for large panel data, to account for unobserved global shocks and heterogeneity. Our results show that when moving from wealthier to poorer countries, income elasticity rises to around unity, either if we use geopolitical or income level groups (Zhang, 2013) . Higher short-run coefficients attached to GDP for poorer countries are also observed. One reason for the higher income elasticity in poorer geographic areas is linked to what is regarded as "essential" in health care. This is likely to depend on the context and the level of richness of nations, with many goods and services that turn from luxury to necessity as incomes rises. Healthcare systems in wealthier countries are set to a relatively high standard of needs, having as ultimate aim the increase of the life expectancy and well being of citizens. On the contrary, healthcare systems in many low-income and middle-income countries do not have a clear understanding of their national health priorities, with healthcare provision historically shaped around acute care due to contingent, emergency events such as infectious disease outbreaks.
Given the consistent heterogeneity existing across the healthcare systems in our data, our empirical results should be taken with caution. Although our econometric model allows one to account for persistent differences in countries and is able to control for strong and weak correlations across countries, there still exists great unexplained variation in per-capita healthcare spending.
